We present the new single dish CO (3-2) emission data obtained toward 19 early stage and 7 late stage nearby merging galaxies using the Atacama Submillimeter Telescope Experiment (ASTE). Combining with the single dish and interferometric data of galaxies observed in previous studies, we investigate the relation between the CO (3-2) luminosity (L ′ CO(3−2) ) and the far Infrared luminosity (L FIR ) in a sample of 29 early stage and 31 late stage merging galaxies, and 28 nearby isolated spiral galaxies. We find that normal isolated spiral galaxies and merging galaxies have different slopes (α) in the log L ′ CO(3−2) − log L FIR plane (α ∼ 0.79 for spirals and ∼ 1.12 for mergers). The large slope (α > 1) for merging galaxies can be interpreted as an evidence for increasing Star Formation Efficiency (SFE=L FIR /L ′ CO(3−2) ) as a function of L FIR . Comparing our results with sub-kpc scale local star formation and global star-burst activity in the high-z Universe, we find deviations from the linear relationship in the logL ′ CO(3−2) − logL FIR plane for the late stage mergers and high-z star forming galaxies. Finally, we find that the average SFE gradually increases from isolated galaxies, merging galaxies, and to high-z submillimeter galaxies / quasi-stellar objects (SMGs/QSOs). By comparing our findings with the results from numerical simulations, we suggest; (1) inefficient star-bursts triggered by disk-wide dense clumps occur in the early stage of interaction and (2) efficient star-bursts triggered by central concentration of gas occur in the final stage. A systematic high spatial resolution survey of diffuse and dense gas tracers is a key to confirm this scenario.
Introduction
Mergers between galaxies play a key role for a galaxy evolution since interacting galaxies have bridge or tailed structure which is not seen in isolated galaxies. In addition to the morphological evolution, an interaction between gas-rich progenitor galaxies condenses gas and triggers star-burst activities in the nuclear regions (e.g., Hopkins et al. 2005) and throughout the extended disks (Sanders & Mirabel 1996) . In some instance, an Active Galactic Nuclei (AGN) is triggered by efficient feeding of the gas to the nuclear regions through a merger event (e.g., Hopkins et al. 2006; Narayanan et al. 2008a; Hayward et al. 2014 ).
Since molecular gas is the important ingredient for current and future star formations, observations of dense molecular gas are crucial for understanding the processes and timescales controlling star formation. The far-infrared (FIR) luminosities and the luminosities of dense gas tracers such as CO (3-2) and HCN (1-0), whose critical densities are ∼ 10 4−5 cm −3 have observationally linear relation (Gao & Solomon 2004a; Gao & Solomon 2004b; Narayanan et al. 2005 ) in local galaxies, and theoretical models basically suggest that linear relation is seen because dense gas is likely to be direct fuel for massive star formation (Krumholz & Thompson 2007; Narayanan et al. 2008b) . In this regard, the CO (3-2) emission line can be used to trace the moderately dense gas that is associated with star formation. Iono et al. (2009) have shown that the integrated CO (3-2) line luminosity (L ′ CO(3−2) ) is correlated with the star formation rate (SFR) traced in FIR luminosities (LFIR), using Submillimeter array (SMA) observations of 14 local Ultra/luminous Infrared Galaxies (U/LIRGs) supplemented with the CO (3-2) data obtained toward high-z sources (see also Yao et al. 2003; Narayanan et al. 2005; Komugi et al. 2007; Bayet et al. 2009; Mao et al. 2010; Leech et al. 2010 ). This correlation was further investigated by Wilson et al. (2012) using more quiescent "disk" galaxies in the local universe, finding that the Star Formation Efficiency (SFE=LFIR/L ′ CO(3−2) ) of the quiescent galaxies is on average lower than those of the merging U/LIRGs. Moreover, Muraoka et al. (2016) suggest that the CO (3-2) to FIR luminosity relation is universally applicable to different types of galaxies observed at different scales, from spatially resolved nearby galaxy disks to distant infrared (IR) luminous galaxies, within ∼ 1 dex scatter. By comparing observations of low to high-J CO transitions, Greve et al. (2014) find that the slope in the log L ′ CO -log LFIR plane is near unity for lower-J CO, but decreases gradually for higher-J transitions (from 0.93 for J = 6-5 to 0.47 for J = 13-12). On the other hand, recent similar studies with larger sample sources (Liu et al. 2015; Kamenetzky et al. 2015) suggest that the slopes are close to unity for high-J CO lines (J > 4-3).
From observations of CO emission in normal and star-burst galaxies at high-redshifts, it is found that isolated normal disk galaxies and star-burst systems follow a bimodal sequence, both in the molecular gas mass -IR luminosity (logMH 2 -log LIR) plane, (or equivalently the molecular gas mass surface density -SFR surface density plane; the Kenicutt-Schmidt relation, Komugi et al. 2005 ) and the log L ′ CO -log LIR plane, albeit the bimodality is less apparent in the latter (Daddi et al. 2010a; Daddi et al. 2010b; Genzel et al. 2010) . Star formation in the disk galaxies is often regarded as the long-lasting mode, whereas galaxies in the star-burst sequence are experiencing a more rapid mode of star formation (higher SFE), possibly due to galaxies involved in a major merger. In contrast, numerical simulations of merging galaxies provided by Powell et al. (2013) have shown that isolated and merging galaxies do not produce the bimodal relationship, and mergers are rather close to the sequence of disk galaxies (Perret et al. 2014) . Therefore, it is important to investigate the exact location and evolution of merging galaxies in the log L ′ CO -log LFIR plane through a systematic observation toward early (before coalescence) and late stage (after coalescence) mergers with a large FIR range. However, most of the observational studies had focused on late stage mergers that are bright in the FIR luminosity (U/LIRGs; e.g., Downes & Solomon 1998) . Therefore, we conducted a CO (3-2) single dish survey using the Atacama Submillimeter Telescope Experiment (ASTE: Ezawa et al. 2004; Ezawa et al. 2008 ) along the complete merger sequence with a wide FIR range (10 9 L⊙ < LFIR < 10 13 L⊙).
This paper is organized as follows. We describe the details of ASTE observation and data analysis in section 2. The relation between LFIR, L ′ CO(3−2) , and SFE in a variety of sources is investigated in section 3, and we conclude this paper in section 4. We adopted H0 = 73 km s −1 Mpc −1 , ΩM = 0.27, and ΩΛ = 0.73 for all of the analysis throughout this paper.
ASTE observation and data analysis

Sample selection
We selected "early stage merger" (double nuclei in optical image) from the VV-catalog (Vorontsov-Velyaminov 1977; Vorontsov-Velyaminov et al. 2001) , along the following criteria; (a) both galaxies have measured B-band magnitudes, and the difference of the B-band magnitude between the two galaxies in a system is < 3 mag (in order to select major mergers), (b) the system is identified in the IRAS Revised Bright Galaxy Sample (IRAS RBGS, Sanders et al. 2003) , (c) the optical radial velocity is known for both sources, and (d) the declination is < 30 degrees. For the current observations, we selected nine pairs (VV 81, VV 217, VV 242, VV 272, VV 352, VV 729, VV 122, VV 830 , and VV 731) out of the 40 galaxies which satisfy the criteria. Additionally, we observed IRAS F16399-0937 as an early stage merging galaxy while the ASTE 22 ′′ beam covers both nuclei separated by 3.4 kpc. The Digitized Sky Survey (DSS) images for these systems are shown in figure 1 , and the pointing positions and velocity information are presented in table 1.
Additionally, we selected three "late stage merger" (single nucleus in optical image) from RBGS with declination < 30 degrees (ESO 286-IG019, NGC 1614, and NGC 7252) and four (AM 2038-382, Arp 230, Arp 187, and UGC 6) with relatively low LFIR (< 10 11 L⊙) from Ueda et al. (2014) . The DSS images for these systems are shown in figure 2 . The pointing positions and velocity information are presented in table 2.
ASTE CO (3-2) observation
We observed the CO (3-2) line emission toward the sample sources with ASTE during the observing seasons 2014B, 2015A, 2015B, and 2015C. The total observation time was ∼120 hours (including overhead) to observe all 26 individual galaxies. We conducted single point observations with the position switch mode. The main beam size is 22 ′′ at 345 GHz, and we specify the OFF position to be 5 ′ away from the target sources. We used two types of receivers; CATS345 (Inoue et al. 2008 . We used the 2048 MHz mode of WHSF 
Data Reduction and Analysis
We use the NEWSTAR which is the software package developed at the Nobeyama Radio Observatory to process the raw data. Low quality spectra with a winding baseline are flagged by eye and only the high quality spectra are integrated. The flag rate (∼ 30 -70 %) strongly depends on the weather conditions. The spectra are then smoothed to a velocity resolution of 30 km s −1
(for sources with CO (3-2) detection) or 50 km s −1 (for nondetection) with a boxcar function in order to improve the signal to noise ratio (S/N). Baselines are fitted with a polynomial function of degree one, but we used second and third orders in some cases with large baseline fluctuations. We successfully detected CO (3-2) emission from 17 sources, and the final spectra are shown in figure 3 .
We derive the integrated CO (3-2) properties for sources which show more than three continuous channels with positive > 3σ signal. The CO velocity-integrated intensity is derived using the following equation:
where ICO is in the unit of K km s −1 , T mb is the main beam temperature in Kelvin, and η mb is 0.47 -0.71. The errors in ICO for the value listed in table 3 were calculated using 
where σR.M.S. is the R.M.S. noise of T mb in Kelvin, ∆VCO is the full line width in km s −1 (the range between FWZI in table 3), and δV is the velocity resolution in km s −1 (30 km s −1 for detected sources). The derived errors are in the range of 6-20 % of measured ICO. The 3σ upper limits of ICO for non-detected sources were measured by assuming a gaussian profile,
where σV is the velocity dispersion of the emission line. We assumed σV = 200 km s −1 (FWHM∼ 500 km s −1 ) which is the maximam value of our CO (3-2) detected sources (VV 272a). The L ′ CO(3−2) is calculated by using the following equation (Solomon & Vanden Bout 2005) ,
The
The Ω s⋆b is the solid angle of the source convolved with the telescope beam in arcsec 2 assuming that CO is uniformly distributed in ASTE beam. The DL is the luminosity distance in Mpc. We summarize the observational information in table 3.
Supplementary data
We supplement the sample by adding 10 early stage merging galaxies obtained using SMA (Wilson et al. 2008) and James Clark Maxwell Telescope (JCMT) (Leech et al. 2010) , yielding a combined sample of 29 early stage mergers with a wide range of FIR luminosity (10 9 L⊙ < LFIR < 10 12 L⊙). In addition, we use 24 late stage merging galaxies compiled from the literature (Wilson et al. 2008; Leech et al. 2010) , yielding a combined sample of 31 late stage merging galaxies with a wide range of FIR luminosity (10 9 L⊙ < LFIR < 10 13 L⊙). We have visually checked the DSS blue band image and classified the merger stage. We classified the system as an early stage merger when the two progenitor galaxies are separated by > 10 ′′ , and Table 3 . ASTE CO (3-2) observation source the rest to be late stage mergers.
We use the JCMT CO (3-2) maps obtained toward 28 nearby isolated spiral galaxies (Wilson et al. 2012 ) as a control sample. This sample allows us to compare the star formation relation among early stage mergers, late stage mergers, and nonmerging systems. The isolated spiral galaxies are on average closer (DL < 40 Mpc) than the merging galaxies (DL > 60 Mpc).
The histogram of the FIR luminosity of the sample sources is shown in figure 4 . The number of early stage merging galaxies in the low FIR luminosity range (10 9 L⊙ < LFIR < 10 11 L⊙)
has especially increased in this work. Finally, we note that there are other single-dish CO (3-2) observations in the literature obtained toward nearby galaxies (e.g., Yao et al. 2003; Vila-Vilaró et al. 2003; Komugi et al. 2007; Narayanan et al. 2008a; Mao et al. 2010; Papadopoulos et al. 2012; Greve et al. 2014) . Since most of the data were taken with a smaller beam with respect to the size of the galaxy, or the derivation of the FIR luminosity is different from ours, we will not use these data in our comparative analysis.
FIR Luminosity derived by AKARI
We use the 90 µm and 140 µm photometries in the AKARI FIS Bright Source Catalog (AKARI/FIS BSC) (Yamamura et al. 2010) to derive the FIR luminosity (LFIR). In order to estimate LFIR in a consistent manner toward all sample sources, we use the DARTS catalog match system 1 to obtain the FIR counterpart in the AKARI/FIS BSC. We use the formulation described in Takeuchi et al. (2010) . The error L err FIR is measured from AKARI 90 µm and 140 µm flux error (∼ 5 % and 10 % respectively). The spatial resolution of AKARI is too coarse to estimate FIR flux separately for the two galaxies in the early stage mergers. One way to separate the contribution is to scale the FIR luminosity using the ratio of the radio continuum emission, assuming that the radio to FIR correlation holds true in these galaxies (Yun et al. 2001 ). Another way is to scale through the K-band flux ratio, again assuming a constant ratio between the SFR (derived from the FIR luminosity) and the stellar mass (derived from K-band luminosity). By using the 1.5 GHz images obtained from the Karl G. Jansky Very Large Array (VLA) archive, we find that six of the early stage mergers have radio emission only from one galaxy in a system (VV 081, VV 122, VV 242, VV 272, and VV 352) . For these sources, we assume that all of the FIR emission arises from a galaxy with the radio detection. If the radio emission is detected from both galaxies, we distribute the total FIR luminosity according to the flux ratio of the 1.5 GHz emission (a : b = 38 : 62 for VV 731 and 39 : 61 for VV 830). Finally, we use the flux ratio of 2MASS Jarrett et al. 2003) 2.2 µm (a : b = 55 : 45 for VV 217 and 63 : 37 for VV 729) for galaxies with no VLA detection from either of the galaxy in the pair.
Derivation of the Star Formation Efficiency (SFE)
We assumed that the CO (3-2) emission line measures the total fuel for molecular gas which is the direct material of star formation in a galaxy, and LFIR arises mostly from dusty starforming regions. Therefore, the comparison between L ′ CO(3−2) and LFIR connects the amount of available molecular gas mass to the amount of current massive star formation. We discuss the effect of AGNs in section 3.4. We define SFE by taking the ratio between the FIR luminosity and the CO (3-2) luminosity,
While the ratio between the SFR and the molecular gas mass (i.e., SFR/MH 2 ) is often used as the SFE, here we use LFIR/L ′ CO(3−2) to avoid introducing additional ambiguities through the variations and uncertainties pertaining to the CO to H2 conversion factor and the CO excitation. We list LFIR, L ′ CO(3−2) , and SFE for each source in table 4. and LFIR. The symbols colored in green, red, and blue represent early stage mergers, late stage mergers, and isolated spiral galaxies, respectively. The arrows represent the 3σ upper limit of the CO (3-2) luminosity for the ASTE non-detected sources. Galaxies that are not detected in both the CO (3-2) and 1.5 GHz continuum emission are not shown here.
Results and discussions
Relation between L
and log LFIR is suggested in previous studies (e.g., Greve et al. 2014 , and references therein). Here we investigate the variation in the L 
(where x is log L ′ CO(3−2) and y is log LFIR) to evaluate the strength of the correlation between two variables. The derived slope of α = 1.10 ± 0.07 is consistent with the one derived by Kamenetzky et al. (2015) (α = 1.18 ± 0.03), but it is slightly larger than the linear relation obtained for U/LIRGs (α = 0.99 ± 0.04, Greve et al. 2014 ).
The spiral galaxies with low luminosity (LFIR ∼ 10 9 L⊙) appear to have systematically lower L ′ CO(3−2) offsets. Wilson et al. (2012) suggest the systematic offset may be due to lower metallicities in less luminous (i.e., lower mass) galaxy. In this case the CO luminosity may systematically underestimate the molecular hydrogen gas mass. While the relative deficiency of the CO (3-2) luminosity in the lower luminosity regime generally causes the slope to be steeper, these galaxies carry relatively low weight due to large uncertainties and hence the contribution to the overall fit is relatively small. Daddi et al. (2010a) suggest the existence of a bimodality in the CO -FIR correlation (disk sequence and star-burst sequence), from their compilation of data from local spiral galaxies, U/LIRGs, high-z SMGs and normal high-z galaxies (BzK galaxies). Our result presented in figure 5 does not show the evidence of the bimodality. This contradiction might be due to biased sampling and the various CO transitions used in Daddi et al. (2010a) . The galaxies on the star-burst sequence are biased toward extremely efficient star-forming galaxies. Saintonge et al. (2012) also suggest the lack of the bimodality using a less biased sample. The CO transitions that Daddi et al. (2010a) used range from CO (1-0) to CO (9-8), which makes the interpretation extremely complex due to the uncertainties in the excitation condition. figure 5 . The arrows represent the lower limit of SFE for the ASTE non-detected sources. Galaxies that are not detected in both the CO (3-2) and 1.5 GHz continuum emission are not shown here.
The bimodal star formation relation
Evolution of mergers in the
We find that isolated spiral galaxies, early and late stage mergers have different slope in the logL We argue that the slopes are significantly different between isolated galaxies and mergers (as a whole), and appear to increase as a function of merger stage (α = 0.79 ± 0.04, 1.08 ± 0.14, 1.12 ± 0.16 for spirals, early stage mergers and late stage mergers, respectively). However, the evolution of the slope between the early and the late stage merger is not conclusive because of the large error bars.
The important finding from the above analysis is that merging galaxies have a slope larger than unity (α > 1.0) whereas spiral galaxies have α < 1.0. This is reflected in the relation between LFIR and SFE (figure 7), where the SFE of isolated spiral galaxies have a decreasing trend as a function of LFIR whereas the mergers show the contrary. A possible positive correlation (r=0.55) for merging galaxies in figure 7 and the apparent increase of SFE from early to late stage merger are evident, which suggests that the efficiency of converting gas to stars is higher in late stage mergers. We note that Iono et al. (2009) did not find a strong correlation between LFIR and SFE, and we attribute this to the lack of galaxies with 10 10 L⊙ < LFIR < 10 11 L⊙.
The effect of AGNs to the L
The contribution of the AGNs to the FIR luminosity can not be ignored for some sources (Sanders & Mirabel 1996) , and the exact fraction varies from source to source (Armus et al. 2007 ). For example, Davies et al. (2004) show that the nuclear star-burst contribution in Mrk 231 is 25-40% of the bolometric luminosity. In contrast, Ichikawa et al. (2014) suggest that the energy contribution from AGNs against the total IR luminosity is typically only 20% even in ULIRGs, suggesting that the majority of the IR luminosity originates from star-burst activities. We use the Wide-field Infrared Survey Explorer (WISE, Wright et al. 2010; Cutri et al. 2011) 22 ′′ aperture photometry color of our sample sources (table 5) to select the AGN candidates, and we identify nine sources based on the commonly used classification scheme (Jarrett et al. 2011; Mateos et al. 2012; Stern et al. 2012 
for the late stage mergers ( figure 9 ). There is little difference between the relation here and those derived in section 3.3 (figure 6), and we conclude that the effect of the AGN to the log L ′ CO(3−2) and log LFIR relation is negligible.
3.5 Global star formation relation from GMA scale to high-z galaxies
We investigate the dependence of the L ′ CO(3−2) and LFIR relation on different star forming environments (e.g., normal star formation in isolated spirals and extreme star-burst in SMGs) using the molecular gas observations in distant galaxies (Carilli & Walter 2013; Casey et al. 2014) . We use the CO (3-2) data from normal high-z star forming galaxies (Tacconi et al. 2013) and SMGs/QSOs (Solomon & Vanden Bout 2005; Bothwell et al. 2013 ). In addition, we use the ASTE on-the-fly CO (3-2) images of NGC 628, NGC 7793 (Muraoka et al. 2016) , and M 87 (Muraoka et al. 2007 ) for the GMA (sub-kpc) scale star forming region. We show the comparison with GMAs, high-z sources, and our sample sources in figure 10 . We conducted statistical non-weighted least-square fitting for all sources plotted in figure 10 , and obtained a linear relation (LFIR = 1.0 logL ′ CO(3−2) + 2.0) across six orders of magnitude in the CO (3-2) luminosity. While the global linear relation is consistent with previous studies (e.g., Greve et al. 2014) , the relationships are different if we compare the different populations separately. For example, high-z SMG/QSOs (gray triangles) and nearby late stage mergers (red diamonds) are systematically higher than the global fit especially seen at the galaxies with higher IR-luminosity is consistent with previous observation (Gao et al. 2007) and recovered by GMCs model prediction (Krumholz & Thompson 2007; Narayanan et al. 2008b ). The high-z normal star forming galaxies (Tacconi et al. 2013) are on lower side on average. This possibly suggests that a single global relation cannot explain the star formation from GMA scale to high-z galaxies.
In addition, we found that the average SFE of each population gradually increases from isolated galaxies, merging galaxies, and to high-z SMG/QSOs ( figure 11 ). This may suggest that high-z SMG/QSOs experience on-going efficient star formation possibly due to galaxies involved in a major merger. In contrast, the average SFE of high-z normal star forming galaxies (light blue) are small compared to other populations, suggesting a longer lasting mode of star formation than nearby isolated spiral galaxies. Finally, we note that the detailed mechanism for triggering active star-bursts between low and high redshifts may be different, since the gas mass fraction is expected to evolve as a function of redshift (Scoville et al. 2014) and global instabilities may dominate the star-burst activities in distant gas rich sources.
Merger induced star formation and SFE
The increase of SFE from isolated spiral, early stage mergers to late stage mergers can be interpreted in the context of simulated gas rich merging galaxies. These simulations predicted that, in addition to the global gas inflow to their nuclei and central star-busts which dominate the activity in the late stage mergers, disk wide star-bursts occur early in the tidal interaction due to the exacerbated fragmentation of dense gas (Teyssier et al. 2010; Bournaud 2011) . This is consistent with the observational results of dense gas tracers (e.g., HCN and HCO + ) toward interacting systems, which have shown that dense gas is ubiquitous across the merging interface between the two interacting galaxies (e.g., Iono et al. 2013; Saito et al. 2015) . A recent similar simulation (Powell et al. 2013) suggested that all merging galaxies (not only star-burst systems like the Antennae galaxy but also lesser degree ones) are in between the disk sequence and the star-burst sequence. Assuming that the formation of disk-wide dense clumps and associated star-bursts occur early in the evolution, relatively lower SFEs in the early stage than the late stage mergers suggest that such star-bursts are relatively inefficient. This is a sensible interpretation as the gas kinematics is still dominated by disk rotation at this stage, and localized clumpy star-bursts could consist only a small fraction of the disk surface. In the late stages of the merger when the two nuclei are about to merge, significant amount of material is expected to be deposited into the nuclei, where the surface density of gas can be much higher and star-bursts can be more efficient than the localized clumps formed early in the evolution. The observed higher SFE seen in the late stage mergers is consistent with this scenario. A systematic high resolution survey of diffuse and dense gas tracers in order to resolve clumps in the disks and nuclei are the key to confirm this scenario.
Finally, we note that ideally one should use the MH 2 and SFR relation instead of the relation between L ′ CO(3−2) and LFIR used in this study. However, the CO-to-H2 conversion factor is different for star-bursting galaxies and spirals (e.g., Solomon & Vanden Bout 2005; Bolatto et al. 2013) , and the exact conversion factor may vary from source to source. On the other hand, Narayanan et al. (2012) show that the conversion factor varies smoothly during the course of a merger evolution. In addition, the LFIR-to-SFR conversion is reasonable for star-burst galaxies but may not be applicable for galaxies with small FIR luminosity, in which case the UV luminosity may be a better indicator of the SFR. In recent study, Bournaud et al. (2015) suggest that low CO-to-H2 conversion factor (∼ 2 M⊙ (K kms −1 pc 2 ) −1 ) for star-bursting mergers due to strong ISM turbulence in SB mergers. On the other hand, their model predict that higher CO-to-H2 conversion factor (∼ 4) for high-z disk galaxies than star-burst mergers. Nevertheless, our current data is insufficient to address this issue at present and deferred to future studies that include the analysis of the CO (1-0) data in the same sources.
Summary
We have observed CO (3-2) emission toward 19 early and 7 late stage merging galaxies with ASTE. By including galaxies that are observed in previous studies, we compare the relation between the CO (3-2) and FIR luminosity of 29 early stage merging galaxies, 31 late stage merging galaxies, and 28 isolated spiral galaxies. We summarize the main findings as follows;
• The CO (3-2) luminosity and FIR luminosity are correlated in the case of both spirals and mergers (figure 5). We do not see an obvious bimodality in the log L ′ CO(3−2) -log LFIR plane, which was previously suggested by e.g., Daddi et al. (2010a) ; Daddi et al. (2010b); Genzel et al. (2010) .
• We suggest two different slopes between spiral galaxies and merging galaxies. The slope in the log L ′ CO(3−2) -log LFIR plane is different between the isolated spiral galaxies (α ∼ 0.79) and merging galaxies (α ∼ 1.12) (figure 6).
• We see a modest positive correlation between FIR luminosity and SFE in merging galaxies. This correlation is not seen in previous observation of merging galaxies (e.g, Iono et al. 2009 ) due to lack of the FIR faint sources.
• The average SFE gradually increases from isolated spiral, early stage mergers to late stage mergers.
• The possible scenario to explain our results is (1) inefficient star-bursts triggered by disk-wide dense clumps occured in the early stage of interaction and (2) efficient star-bursts triggered by central concentration of gas occur in the final stage. A systematic high resolution survey of diffuse and dense gas is key to confirm this scenario. 3). The "-" sings means VLA non-detected galaxies of early stage merging galaxies. 
